: Objective: to demonstrate the possible effectiveness of a long-term multimodal medical therapy in patients with Peyronie's disease (PD) we carried out a controlled study on 82 patients diagnosed with PD, whereas in the scientific literature the conservative treatment of this disease is much discussed.
INTRODUCTION
Peyronie's Disease (PD) is a progressive fibrotic disorder of the penis characterized by chronic inflammation of the tunica albuginea, involving the growth of fibrous inelastic plaques in penile corpora cavernosa. Any defect in the tunica albuginea can deform the penis with a possible curvature.
Moreover, the plaques can handle full and complete expansion of the corpora cavernosa during erection. Recent studies reported a prevalence of 3.2 -13.0 % in adult men [1, 2] . The etiology of this disease is not well know, although in recent years, new studies propose the penile trauma as cause of the disease [3] . PD may be caused by trauma or injury to the penis usually during sexual activity, although the majority of PD-patients do not remember a traumatic event. Fibrin deposition triggers the response to wound healing [4] with the consequent phlogistic process and production of pro-inflammatory cytokines (Transforming growth factor beta-TGF-β etc.) that lead to collagenase inhibition, collagen overproduction and increase of reactive oxygen species (ROS) levels [5] , NF-kB activation (Nuclear Factor kappa-light-chain-enhancer of activated B cells) with the consequent expression of genes on specific targets (collagen, fibrin, inducible nitric oxide synthase-iNOS, fibroblast growth factor-FGF and TGF-β) [6, 7] . The medical therapy is indicated in the development phase of PD, in case of pain and for at least 12 months after the detection of the disease. Surgical treatment is indicated in case of stable disease [8, 9] and when PD patients are not able to have a sexual penetration due to serious penile curvature or severe erectile insufficiency [10] . Current conservative therapies include: potaba, Vitamin E, tamoxifen, propoleum (propolis), interferons, collagenase, verapamil, cortisone, superoxide dismutate, pentoxifylline, iontophoresis and Extracorporeal Shock Wave Therapy (ESWT) [11] [12] [13] . Noticing the extreme variability of the results from different conservative treatments reported in the literature, a controlled study was carried out on patients with PD treated in association with several drugs: "multimodal therapy". In particular, the effectiveness of Verapamil (injection + iontophoresis) plus several antioxidants (Vitamin E, blueberries and propolis) and topical Diclofenac was investigated. In our previous studies we achieved good results with the same multimodal therapy, but this study was done only for a medium-term treatment (six months). However, for some patients we extended the treatment for up to 18 months (reducing the frequency of penile njections of verapamil), and obtained excellent results. Thus, we decided to implement our protocol of treatment (long-term treatment) using the same multimodal therapy for larger number of cases with follow-up after 6 and 18 months.
MATERIALS AND METHODS
This is a controlled study, performed to investigate the possible effectiveness of multimodal long-term treatment in PD patients enrolled for a conservative treatment. Between January 2, 2010 and January 2, 2012, 119 PD patients were initially selected for the present study.
All 119 patients were informed of alternative surgical procedure. However, none of them accepted this surgical treatment and 63 patients had spontaneously decided not to receive any treatment.
Exclusion criteria (for all patients including those of the control group) were: previous treatment for PD; any medical therapy for sexual problems, before or during the study; administration with herbs and/or vitamins in the previous 6 months; stabilized Peyronie's disease; penile curvature incompatible with sexual intercourse; atrioventricular (AV) conduction defects; patients older than (or equal to) 70 years (possible potential negative effects of Verapamil on cardiac conduction system) [14] . From the original 56 patients who had agreed to be treated, at first 15 cases were excluded from the study for these reasons: two cases with stabilized PD; three patients treated with PDE-5 inhibitors in the 6 months prior to study; ten cases that wouldn't have guaranteed the statistical homogeneity of the two groups of patients for several reasons (type and degree of penile curvature, plaque echogenicity, plaque volume, calcification size, presence of erectile dysfunction, comorbidity). Thus, the treatment group (Group A) was formed by 41 patients.
The control group (Group B) was composed of 41 patients with PD. All patients, who have never been treated before for PD, had spontaneously decided not to receive treatment for several motives: costs of care, hope to heal, PD underestimation, distrust in the care, etc. However, all patients have agreed to be studied and visited after a period of time at follow-up. From the original 63 cases, 22 of them were excluded from the study because they wouldn't have guaranteed the statistical homogeneity of the two groups of patients (number of cases, degree and type of curvature, echogenicity and volume of the plaque etc.). All these 41 cases were observed for 18 months, evaluating the natural progression of the disease with follow-up after 6 and 18 months.
Outcome measures: More than physical examinations and medical history, all 82 patients were subjected to the following tests: photograph during erection, pain questionnaire, IIEF questionnaire (international index of erectile function), dynamic penile color-duplex ultrasound study.
The curvature was measured with a photo during maximum erection [15] .
The pain was evaluated by a conventional 11-point pain Scale (VAS) [16] .
The subjective evaluation of the erection was evaluated by all patients using the questionnaire IIEF [17] ; the answers that we evaluated were the questions 1-5 and 15, which specifically address the aspects of Erectile Function (IIEF-EF normal score: [26] [27] [28] [29] [30] . Patients who had a total score of less than 26 were identified as having erectile dysfunction.
Penile erectile mechanism and plaque volume were assayed with dynamic echo-color Doppler sonography of the penis performed in the course of a full erection obtained using intra-cavernosal Alprostadil (PGE 1 ) 10 mcg. The ultrasound study included an evaluation of the 3 dimensions of the lesion (plaque) determining the precise location of the lesions in the penis, as well as the length, width, and thickness of the plaques [18] . Plaque volume was measured in cm 3 using the ellipsoid formula that is typically used in other urogenital diseases (V = length x thickness x width x 0.52) [19] [20] [21] .
All patients were controlled for a total time of 18 months and then underwent the same tests as performed prior to the treatment.
41 patients who constitute the treatment group were observed for a period of 18 months (with follow-up after 6 and 18 months) and they were treated with these substances:
Verapamil injection (penile and peri-lesional -with needle 30 Gauge) 10 mg, every two weeks (12 total injections -the first injection 5 mg) for six months and subsequently every month (12 total injections) for a period of 12 months (Total = 24 injections in 18 months) + iontophoresis with Verapamil-5 mg / daily (excluding the day of injection), for a period of 18 months + blueberries 160 mg / oral / daily -for a period of 18 months + propolis 600 mg / oral / daily (on an empty stomach to facilitate absorption), for a period of 18 months + Vitamin E 600 mg / oral / daily -for a period of 18 months + topical Diclofenac sodium 4% gel / twice a day, for a period of 6 months and subsequently: daily for a period of 12 months.
To avoid episodes of hypotension or disorders in AV conduction in the case of a hypertensive patient treated with calcium channel blockers, it was suggested that the patient not to take the dose of such drugs on the day of the penile injection. Iontophoresis was used placing the drug Verapamil (5 mg) on the positive pole with 4 mA output and for 20 minutes / day.
The results of this study were subjected to statistical analysis using Primer of biostatistics (by Stanton A. Glantz) software. A statistically significant consideration was when the p-value was less than 0.05. This study was carried out in accordance with the Helsinki Declaration of 1975 as revised in 1983.
RESULTS
The study involved 82 patients (mean age = 53.6 ± 10.1 years; range 23-68 years). In most cases (91.4%) patients reported a penile curvature (75/82 cases). Penile pain was present in 49 patients (59.7% of total cases) and the mean painscore (VAS) was 6.6 (± 2.6 SD). Erectile Dysfunction (ED) was present in 21 cases (25.6% of total cases).
The two groups of this study were sufficiently homogeneous for a statistical analysis of results (patient age, comorbidities, PD duration, presence and intensity of penile pain, plaque size, calcification size, degree of curvature and presence of erectile dysfunction. Clinical characteristics, basic demographics and comorbidities related to the two groups of PD patients are listed in Table 1 .
In all cases when calcification was present, it did not exist in the whole area of the plaque, but was only present in small part, confirming that the disease was in the progressive phase. 
Evaluation of Treatment Results (see Tables 2-4)
Intergroup analysis revealed statistically significant differences in terms of improvement of penile pain, effective plaque size reduction, improvement of penile curvature and effective improvement of erectile function index score.
In group A, after treatment of 6 months, penile pain disappeared in 80% of the cases while in group B pain disappeared in 12.5% (p<0.0001); in group A, after treatment of 18 months, penile pain disappeared in all cases while in group B pain disappeared only in 25% of the cases (p<0.0001).
In group A, after treatment of 6 and 18 months, in all cases occurred a reduction of plaque size, while in group B it never occurred (p<0.0001). In group A, after treatment of 6 months, the change in penile plaque size consisted in a reduction of plaque volume= -47.6% while in group B the change consisted in an increase in plaque volume= +55.7 % (p=0.000); in group A, after treatment of 18 months, the change in penile plaque size consisted in a reduction of plaque volume= -73.6% while in group B the change consisted in an increase in plaque volume= +118.7 % (p=0.000).
In group A, after treatment of 6 and 18 months, worsening of penile curvature never occurred while in group B this worsening occurred in 78.3% and 86.4% of the cases respectively (p<0.0001).
In group A, after treatment of 6 and 18 months, the improvement of curvature occurred in 76.3% and 81.5% of the cases respectively while in group B occurred only in 2.7% and 8.1% of the cases respectively (p<0.0001). Moreover, in group A, after treatment of 6 months, the mean curvature decrease was -11.03° while in group B the mean curvature decrease was -5° (p=0.337). Furthermore, in group A, after treatment of 18 months, the mean curvature decrease was -16.7° while in group B the mean curvature decrease was -4° (p=0.019).
In group A, after treatment of 6 and 18 months, in PD patients with ED the restoration of rigid erection occurred for most of the cases in 60.0% and 70.0% respectively, while in group B it never occurred (p=0.003 and p=0.001 respectively). Otherwise, in group B and in PD patients without ED, after treatment of 6 and 18 months an erectile deficiency occurred in 50.0% and 60.0 % of the cases respectively, while in group A this occurrence never occurred (p<0.0001). No cases of hypotension or heart rhythm disorder occurred during the treatment. Drug-related adverse effects did not occur in treated patients and no patient discontinued treatment. In 2 patients (4.8%) occurred a rash of penile skin, approximately after one month of application of topical 4% Diclofenac and then, after a short period of interruption the drug was replaced with topical 2% Diclofenac without subsequent local reactions.
DISCUSSION AND CONCLUSIONS
Verapamil is a slow calcium channel blocker that reduces the proliferation of fibroblasts and the local production of extracellular matrix (by fibroblasts); it also increases the local activity of collagenase and it affects the cytokine regulation of fibroblasts reducing the excess production of fibrogenic cytokines [22] . Iontophoresis (electromotive drug administration/EMDA) is a non-invasive treatment for drug administration without the use of injections and the patient can autonomously perform this therapy. Levine (2003) who measured the levels of Verapamil in the tunica albuginea in patients, after surgical treatment of PD, showed that the Verapamil was detected in 71.5% of the tunica albuginea specimens after iontophoresis administration with a wide range of drug levels [23] .
Antioxidants may play an important role in medical treatment of PD because the accumulation of activated inflammatory cells in PD leads to the production of ROS [6] .
Vitamin E was the first oral therapy proposed for the treatment of PD; it is a potent antioxidant that is thought to reduce collagen deposits within the tunica albuginea. It interacts with hydroxyl radical (hydroxide, the more damaging ROS) donating a hydrogen atom to restore the molecule to normal inert state [6] . Some studies have found that Vitamin E and its metabolites have an anti-inflammatory and anti-COX2 property [24] . Our recent studies have evaluated and verified the effectiveness of Vitamin E in combination with other substances [13] .
Flavonoids have been found to have anti-inflammatory and antioxidant activity [25, 26] . The components of propolis, caffeic acid phenethyl ester and terpenoids inhibit the production of interleukins and NF-κB activity [27, 28] . Blueberries are flowering plants belonging to Vaccinium spp. (Ericaceae). This fruit contain anthocyanins, polyphenols and flavonoids and appear to have the highest antioxidant capacity among common fruits and vegetables; blueberries may also cure chronic diseases through anti-inflammatory and anti-fibrotic effect mechanisms. Blueberry anthocyanins are able to inhibit NF-KB, iNOS and COX-2 expression [29] .
Diclofenac: the properties of NSAID's, including the anti-inflammatory activity of Diclofenac, are already known. moreover, it has already been used in the multimodal treatment of PD [13] .
The significant improvements obtained in group A concern the basic parameters of the disease: plaque size, degree of penile curvature and penile rigidity and if erectile dysfunction was present. Interestingly and in contrast to the current medical opinion was to observe a significant decrease of calcification volume and even the possibility of determining its disappearance in 31.2% of the cases, after 18 months of treatment.
In non-treated group, only few cases where the curvature was improved (8.1% = 3 cases / after 18 months), in reality, the disease had progressed as shown by the ultrasound study that found always an increase in plaque volume (n#1 case: 1.0 to 1.3 cm 3 ; n#2 case: 2.1 to 2.4 cm 3 ; n# 3 case: 1.1 to 1.2 cm 3 ). In these three patients their deformity improved because PD (inflammatory zone) had progressed locally causing a reduction of elasticity and expandability of involved cavernous tissue; these new changes of the architectural structure of the penis led to a paradoxical improvement of curvature.
Recently it has been reported that without any treatment the penile pain seems to resolve spontaneously within 12-18 months in the majority of patients [11] . In contrast, we found only 25% of the non-treated PD patients resolved penile pain spontaneously at follow-up (18 months). Observing the high rates of disease worsening after 18 months in non-treated group B, we can affirm that PD is certainly a progressive disease and it does not spontaneously heal.
Although vitamin E monotherapy is ineffective to treat PD [11] the present study and other published results [13, 30] reported better results when vitamin E was administered in combination with another substance in PD treatment (combined-multimodal treatment). We beleive that any antioxidant would be more effective when is combined with other drugs, but this consideration should be also true to any substance in the medical management of PD. Our findings confirm and support that the best approach for treating PD is "multimodal therapy" [31, 32] , because it was able to achieve greater results than any single drug alone.
Our results showed that long-term multimodal treatment with Verapamil associated with Antioxidants and topical Diclofenac is statistically and significantly effective in treating PD, whereas, lower therapeutic responses were obtained after 6 months (medium-term treatment), also considering the "natural history" of PD [33] .
Verapamil is more effective when the treatment program includes both routes of administration: peri-lesional injection + iontophoresis [13, 34] . Iontophoresis is a safe and noninvasive treatment for drug administration and the patient can autonomously perform this therapy; since home therapy is expected to be a long-time treatment, the patient may directly buy or rent the appropriate equipment. Good results were achieved only after 6 months of treatment and this may explain why in other reported studies, using the same drugs but with a shorter time limit of the treatment, showed less satisfactory results. In case the option for conservative therapy exists, as PD is a chronic illness, short-term therapies should therefore be avoided. The various parameters of PD, especially penile curvature, plaque size and penile rigidity, should always be evaluated by standardized instruments: penile dynamic ultrasound examinations, IIEF questionnaires, serial photographs of the curvature and pain scales for pain measurement. Surely, in order to be more reliable, these studies will need to use not only with subjective parameters but mainly with safe diagnostic tools. To evaluate the efficacy of a conservative procedure for the treatment of PD, more prospective, randomized and placebo-controlled studies are needed. 
